This study first aimed to compare critical power (CP) and anaerobic work capacity (AWC), to laboratory standard evaluation methods such as maximal oxygen uptake (V . O 2 max) and maximal accumulated oxygen deficit (MAOD). Secondly, this study compared child and adult CP and AWC values. Subjects performed a maximal graded test to determine V . O 2 max and maximal aerobic power (MAP); and four constant load exercises. In children, CP (W.kg ; p = .001) than adults, but similar CP (%MAP) values. CP (%MAP and W.kg -1 ) and AWC (J.kg -1 ) were significantly related to laboratory standard evaluation methods but low correlation indicated that they cannot be used interchangeably. CP (%MAP) was similar in children and adults, but AWC (J.kg -1 ) was significantly lower in children. These conclusions support existing knowledge related to child-adults characteristics.
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This study first aimed to compare critical power (CP) and anaerobic work capacity (AWC), to laboratory standard evaluation methods such as maximal oxygen uptake (V . O 2 max) and maximal accumulated oxygen deficit (MAOD). Secondly, this study compared child and adult CP and AWC values. Subjects performed a maximal graded test to determine V . O 2 max and maximal aerobic power (MAP); and four constant load exercises. In children, CP (W.kg -1 ) was related to V . O 2 max (ml.kg -1 .min -1 ; r = .68; p = .004). AWC (J.kg -1 ) in children was related to MAOD (r = .58; p = .018). Children presented lower AWC (J.kg -1 ; p = .001) than adults, but similar CP (%MAP) values. CP (%MAP and W.kg -1 ) and AWC (J.kg -1 ) were significantly related to laboratory standard evaluation methods but low correlation indicated that they cannot be used interchangeably. CP (%MAP) was similar in children and adults, but AWC (J.kg -1 ) was significantly lower in children. These conclusions support existing knowledge related to child-adults characteristics.
In 1965 Monod and Scherrer (25) attempted to improve the understanding of the local work capacity of a muscle group from the relationships between local work and time to exhaustion (TTE). Since this early work, mathematical equivalent models have been developed and applied to activities involving larger muscle masses such as running, swimming or cycling. For cycling exercises, the linear relationships between power (P) and TTE (P-TTE -1 ) could be described as: P = AWC x TTE -1 +CP (26) where critical power (CP) is the Y-intercept and anaerobic capacity (AWC) is the slope of the linear relationship ( Figure 1 ). The CP has been defined as a 'threshold of fatigue' that depends on aerobic pathways while the AWC corresponded to a reserve of energy that represents the capacity of the anaerobic stores used and oxygen stores (hemoglobin and myoglobin). The simplicity of the concept has led to its use for several adult based groups including clinical populations (23) . However, this concept has been somewhat overlooked in children. A comparison of CP and AWC to other evaluation methods could promote the use of these parameters in pediatric population.
Children are characterized by a weaker anaerobic capacity and similar aerobic fitness (30; i.e., similar peak oxygen uptake related to body mass noted VO2max) compared with adults. Lower mean power output from the Wingate anaerobic test and lower maximal accumulated oxygen deficit (MAOD) values in children (10) when compared with adults (22) can be explained by a lower anaerobic capacity, or by the fact that children rely less on their anaerobic metabolism. Decreased anaerobic performances of children have been related to lower glycolytic enzymes concentration and activity, lower glycogen concentration, probably associated to the reported lower post exercise lactate concentration after exhaustive exercise (5, 15) . To the contrary, children are characterized by a better muscle oxidative metabolism, represented by a faster oxygen uptake at the onset of exercise (16) . Nevertheless, these different evaluation methods present either sophisticated technical equipment requirements, or ethical limitations especially in pediatric population.
The P-TTE -1 relationships represents a non invasive combined method for both aerobic fitness and anaerobic capacity assessment that could be used with pediatric populations. To our knowledge, no study has directly compared CP and AWC values in children and adults.
A first aim of the study was to assess CP and AWC relative validity, when compared with other aerobic and anaerobic evaluation methods in children. A second aim was to compare CP and AWC values in children and adults. We hypothesized that CP and AWC would be related to other laboratory standard methods used for the assessment of aerobic fitness and anaerobic capacity, and that children would demonstrate similar CP related to body mass and lower AWC values than adults.
Methods
Subjects
Sixteen prepubertal boys and 15 men volunteered to participate in the study. They all were recreationally active, but not involved in any systematic training (less than 4 hr per week). Their mean age, height and body mass are shown in Table 1 . Adults, children and their parents, gave written informed consent after the experimental procedures, the associated risks, and the benefits of participation were explained. This study received approval from the local ethics committee. All procedures were performed in accordance with the ethical standards of the Helsinki Declaration of 1975 as revised in 1983 and the European Good Clinical Practices. 
Experimental Design
During a medical examination, the children's sexual maturity was evaluated by the Tanner maturation stages method. Subjects were classified as prepubertal when the combined stage assessment was ≤3. Then, all subjects performed five exercises until exhaustion on a cycle-ergometer (Ergometrics 800, Ergoline, Bitz, Germany): a maximal graded test, and in a random order, four constant load exercises at four different intensities. The five sessions were carried out at the same time of the day and were separated by at least 48 hr. The participants were asked to have their last light meal two hours before the tests and to abstain from alcohol or caffeine in the 24 hr before testing. All measurements were completed within a 3-week period. During all tests, the subjects were instructed to maintain a cycling cadence of 70 rpm, to grip the handlebars and to remain sitting while cycling. Seat and handlebar heights were kept constant for each participant during each session. The subjects' feet were firmly strapped to the pedals, and the saddle height was adjusted to allow slight flexion of the knee at the lowest level of the pedal cycle. Pediatric cranks were used for the children. Strong verbal encouragement was provided to all subjects during each session.
Cardiorespiratory Measurements
During all tests, adults and children breathed through adult or pediatric masks adapted to their faces. Respiratory gas exchanges were measured breath-by-breath using an automated gas-analysis system (Ergocard, Medisoft, Dinant, Belgium) to determine ventilation(V E ), oxygen uptake (V . O 2 ), and carbon dioxide production (VCO 2 ). Before each test, the O 2 and CO 2 analysis systems were calibrated using ambient air and a gas mix of known O 2 and CO 2 concentrations (16.01% O 2 and 4.01% CO 2 ). The pneumotachograph was calibrated before each test with a 3-L calibration syringe. Heart rate (HR) was monitored and continuously recorded (Polar Electro, Kempele, Finland). For data analysis, V . O 2 , V E , VCO 2 and HR values were averaged every 15s.
Maximal Graded Test
The maximal graded test aimed to determine V . O 2 max, maximal aerobic power (MAP) and ventilatory thresholds (VT). Subjects performed a 5-min warm-up at 20 W for children and 50 W for adults. Then the power was increased every minute by 15 W for children and 25 W for adults. It was judged that subjects reached VO2max when 3 of the four following criteria were obtained: an inability to maintain the required frequency and a visible exhaustion (excessive hyperpnea, facial flushing, sweating, discomfort), a maximal heart rate >90% of predicted maximal heart rate: (220-age) in adults and 200 bpm in children (36) for children), and a final respiratory exchange ratio (RER) higher than 1.15 for adults and 1.0 for children (13, 33) . The V . O 2 max corresponded to the highest mean V . O 2 attained in a 15 s period. The MAP was visually determined, and considered as the power associated to V . O 2 max attainment. In children, peak V . O 2 max term was preferentially used instead of V . O 2 max because children do not present a true V . O 2 plateau at the end of exercise. It is necessary to differentiate between the two terms, but for easier reading, the term V . O 2 max will be used in both populations. Ventilatory threshold was determined by at least two different and isolated examiners. It was determined from the time course curves of minute ventilation (V E ), the ventilatory equivalent in O 2 (V E / V . O 2 ), the ventilatory equivalent in CO 2 (V E /VCO 2 ) and end tidal partial pressures in O 2 and CO 2 (35) . VT corresponded to the last point before an increase in both V E and the O 2 ventilatory equivalent without any increase in CO 2 ventilatory equivalent.
Constant Load Exhaustive Exercises
Each constant load exhaustive exercise was preceded by two 6 min warm-up periods interspersed by 6 min of passive recovery. During warm-up periods, intensities were set at 70% (70%VT) and 90% (90%VT) of the power associated to VT. The constant load exercises were carried out at PΔ50, PΔ75, P100 and P110, where PΔ50 and PΔ75 corresponded to power at VT plus 50% and 75% of difference between MAP and the power associated to VT, respectively (1); and P100 and P110 corresponded to 100 and 110% of MAP, respectively. TTE were determined to the nearest second as the time between the start of the exercise and the time at which the subjects were unable to maintain the required cycling cadence or stopped the test.
Power-TTE -1 to Exhaustion Relationships
Power-TTE -1 to exhaustion relationships was determined from PD50, PD75 and P100 TTE only. From these, CP and AWC can be derived by plotting the relationships between inverse of time versus power output and by fitting the linear model ( Figure 1 ): P = AWC x TTE-1+CP (26) where AWC and CP are the slope and Y-intercept of the linear relationships, respectively.
For each subject, CP was estimated by least squares linear regression analysis. The goodness of fit was determined as r 2 .
Maximal Accumulated O 2 Deficit
The maximal accumulated oxygen deficit (MAOD) was calculated from V . The power expressed in watts was converted in J. 
Statistical Analysis
The experimental data are presented as means ± SD (mean ± SD). Mean value comparisons between children and adults were carried out with the unpaired Student's t test (SigmaStat version 2.0) and paired t test was used to compare AWC (J.kg -1 ) vs. MAOD (J.kg -1 ) in children. Relationships between parameters were analyzed with Pearson correlations. These tests were performed after verification for the normal Gaussian distribution of the data using the Shapiro-Wilk's test. If it was not the case, a Mann-Whitney Rank Sum Test was used. In addition, a BlandAltman's plot was employed to assess the level of agreement between AWC and MAOD (7). This provided an indication of systematic bias and random error by examining the direction and magnitude of the scatter around the zero difference line. Heteroscedasticity was examined formally by calculating the Pearson correlation coefficient between the absolute residual errors and the mean scores. The level of significance was set at p < .05. ; p = .005; t=-3.022; df = 29) were lower in children than in adults.
Results
Maximal Graded Test
Power-TTE -1 Relationships and Critical Power
Mean values for TTE at PΔ50, PΔ75 and P100 in children were 792 ±455s; 310 ±147s and 153 ±67s, respectively and in adults 754 ±334s; 371 ±111s and 221 ±49s, respectively. TTE at PΔ50 and PΔ75 were not different between children and adults, but TTE at P100 (p = .008) and P110 (p £ .001) were lower in children. Mean values for determination coefficients (r 2 ) of the P-TTE -1 relationship and CP values are presented in Table 3 for both children and adults.
In children, CP (W.kg -1 ) was related to V . O 2 max (ml.kg -1 .min -1
; r = .68; p < .01) and CP (%MAP) was related to VT (% V . O 2 max; r = .55; p < .05). CP in Watts (p ≤ .001; t=-14,546) and W.kg -1 (p = .034; t=-2,229) were lower in children when compared with adults. No significant difference was observed between children and adults when CP was expressed in %MAP.
Anaerobic Capacity
Values for TTE at P110 were 98 ±29s in children and 147 ±23s in adults. MAOD was lower in children than in adults (p ≤ .001; Table 3 ). Mean values for AWC in children were lower than adults (p £ .001; t=-3,963; Table 3 ). MAOD and AWC in children were not significantly different and related (r = .58; p < .05). A BlandAltman's plot was employed to assess the level of agreement between AWC and MAOD. The limit of agreement (-111 J.kg 
Discussion
This study first aimed to assess in children the relative validity of CP and AWC in comparison with other evaluation methods. Secondly, it aimed to compare CP and AWC in children and adults. The major result of the study is that CP and AWC 
NS
: not significantly different from children **: significantly different from children (p < 0.01) ***: significantly different from children (p < 0.001) values in children are significantly related to reference indices for aerobic fitness and anaerobic capacity. Moreover, CP (%MAP) was similar in children and adults while AWC (J.kg -1 ) values obtained in children were significantly lower.
Power-TTE -1 Relationships
The r 2 values for the determination of the P-TTE -1 relationships in both populations were similar and high, illustrating feasibility of using the tests with children. These results are consistent with averaged r 2 values ranging (according to the protocol) from 0.94 to 0.98 in the only study which reported CP values in similar pediatric population (17 
CP and AWC for Aerobic Fitness and Anaerobic Capacity Evaluation in Children
In theory, the CP parameter represents "an inherent characteristic of the aerobic energy supply system" (19) . V . O 2 max, which is mainly determined by cardiac output, muscle fibers recruitement, maximal peripheral O 2 extraction and buffering capacity, and represents a good indicator of individual aerobic fitness (17) . In children, CP (W.kg -1 ) was significantly related to V . O 2 max (ml.kg -1
.min -1 ). This relationship has been previously reported (17) and suggest that the CP (W.kg -1 ) is an index of aerobic fitness in children. Nevertheless, this assumption needs to be used catiously.
Aerobic endurance represents the ability to exercise for as long as possible at a high percentage of MAP. Classically, VT (%V . O 2 max), partly dependent upon respiratory responses induced by the bicarbonate buffering of H + produced by glycolysis has been used as an indirect aerobic endurance index (8) . CP (%MAP) could also be considered as an endurance index considering that the higher the CP values, the higher the aerobic endurance level. It was confirmed since CP (in % of MAP) and VT (%V . O 2 max) were significantly correlated in children. AWC and MAOD were not significantly different in children and were significantly related, indicating that these two parameters were indices of anaerobic capacity. However, looking at the data, substantial differences were observed between the two for several participants. The Bland-Altman analysis of AWC and MAOD ( Figure 2) showed a great standard deviation in results calculated from both methods which led us to question what these two parameters really measured.
Even if MAOD is widely used for anaerobic capacity calculation, it does not represent a gold standard for this parameter. Indeed MAOD is based on the questionable linear extrapolation of subthreshold steady state to predict the V . O 2 requirement for supramaximal intensity exercise. Moreover, test duration could influence results. It has been previously demonstrated that anaerobic capacity, as quantified by MAOD, is not maximized within 60s of maximal constant load exercise (24) and that anaerobic processes contribute approximately 30% of the total ATP production from 120 to 192s of exhausting exercise (2) . To maximize the anaerobic ATP yield, it would be preferable to use trials longer than 3 min (2). In children this duration was not always achieved, and it could explain why we obtained low correlation between AWC and MAOD. From a practical point of view, MAOD determination required pulmonary V . O 2 measurement and a supramaximal intensity performance whereas AWC determination only required completing a series of exercise trials to exhaustion at constant power outputs.
In conclusion, the underlying physiological mechanisms that limit AWC and MAOD may be related, but are certainly not the same. Calculation of AWC from time trials as an indice of anaerobic capacity represents an interesting and easy methods, but needs to be cautiously interpreted.
Children-Adults Comparison
CP. We first compared children and adults CP values expressed relatively to body mass (W.kg -1 ) and children presented significantly lower values. We expected no significant difference between children and adults because CP is associated to muscular efficiency and to aerobic energy supply. Indeed, muscular efficiency is reported to be similar in children and adults (31; Table 3 ) and children are known to early present mature oxidative metabolism (16) body mass. An explanation can probably be found in the exercise type (i.e., cycling exercise), perhaps less adapted than running exercises for children, and associated to a lesser motivation despite verbal encouragements. When expressed relative to MAP, CP values were similar between children (70.9 ±7.1%) and adults (69.0 ±6.0%) indicating that aerobic endurance level of children and adults were similar. Despite contradictory results in literature (9, 12, 29) , CP represents an intensity where physiological variables such as V . O 2 , blood lactate concentration and heart rate can stabilize (27, 28) . It provides a simple and useful measure that marks the upper boundary of heavy intensity exercise and allows systematic study of constant load exercise in specific, well defined domains. Thus CP represents an interesting intensity for comparison of physiological adaptation in children and adults.
AWC. The present study is the first to demonstrate the maturation effect on AWC values. To our knowledge, no study has reported AWC values in children obtained from cycling exercises. Only one study reported anaerobic distance capacity values in children (6) , that represented half of the values reported for adults in literature (6) . This is consistent with the present results where children had a significantly lower AWC corresponding to 55% of that found in adults.
These results supported pediatric literature since previous studies obtained significantly lower performances during an anaerobic Wingate test, evaluated by the mean power sustained over 30s (22) . Moreover, the Wingate end exercise blood lactate concentration, representative for the glycolytic activity, increased with age (4). The lower anaerobic capacity in children compared with adults may be explained by the enzymatic properties of the muscles in children. In muscle biopsies of the vastus lateralis in 11 and 13 years old boys, Eriksson found a lower activity of the glycolytic enzyme phosphofructokinase than in adults (14, 20) . In addition, hormonal activity, oxygen storage avalaibility, neuromuscular factors and motor coordination can explain the observed differences between children and adults (34) .
Conclusion
The present study showed that the power-TTE -1 relationships parameters represent an accessible and interesting non invasive method for the evaluation of aerobic fitness and endurance, and anaerobic capacity in children. Critical power values were significantly and positively related to V . O 2 max and significantly lower in children. In children, CP (%MAP) was related to VT (%V . O 2 max) and was not different from adults values. Both AWC (J.kg -1 ) and MAOD (J.kg -1 ) values, indicated a lower anaerobic capacity in children, consistent with the increasing anaerobic capacity with maturation.
P-TTE -1 relationships parameters allows to assess aerobic fitness and anaerobic capacity in children but cannot be used interchangeably with other laboratory evaluation methods. Nevertheless, CP and AWC represent an interesting alternative evaluation method for child-adults comparison which only requires time trials performances.
